Context. The evidence of a multipopulation scenario in Galactic globular clusters raises several questions about the formation and evolution of the two (or more) generations of stars. These populations show differences in their age and chemical composition. These differences are found in old-and intermediate-age stellar clusters in the Local Group. The observations of young stellar systems are expected to present footprints of multiple stellar populations. Aims. This theoretical work intends to be a specific step in exploring the space of the observational indicators of multipopulations, without covering all the combinations of parameters that may contribute to the formation of multiple generations of stars in a cluster or in galaxy. The goal is to shed light on the possible observational features expected by core He-burning stars that belong to two stellar populations with different original He content and ages. Methods. The tool adopted was the stellar population synthesis. We used new stellar and pulsation models to construct a homogeneous and consistent framework. Synthetic color-magnitude diagrams (CMDs) of young-and intermediate-age stellar systems (from 20 Myr up to 1 Gyr) were computed in several photometric bands to derive possible indicators of double populations both in the observed CMDs and in the pulsation properties of the Cepheids. Results. We predict that the morphology of the red/blue clump in VIK bands can be used to photometrically indicate the two stellar populations in a rich assembly of stars if there is a significant difference in their original He content. Moreover, the period distribution of the Cepheids appears to be widely affected by the coeval multiple generations of stars within stellar systems. We show that the Wesenheit relations may be affected by the helium content of the Cepheids.
Introduction
A large number of young-and intermediate-age massive clusters (YIMCs) are known in the local Universe as far away as among nearby star-burst galaxies. These systems are one of the preferred environments for star formation to take place (Lada & Lada 2003) . For this reason, they may be responsible for a significant fraction of the current star formation in the local Universe and be the intriguing progenitors of the present-day population of old globular clusters (GCs). Therefore, to study YIMCs in terms of their stellar content is crucial for understanding both current and primordial star formation processes in galaxies.
In the past decade, our knowledge on star formation in GCs has been revolutionized. High-resolution spectroscopy and precise photometry of individual stars in GGCs provided the evidence that multiple stellar generations are present in these stellar systems (e.g. Gratton et al. 2012; Piotto 2010 ). In the Magellanic Clouds (MCs), stellar clusters show a wide spread in age (e.g. Brocato et al. 2001 and reference therein), and signs of two or more stellar populations have been found in young-and intermediate-age objects (Mackey & Broby Nielsen 2007; Glatt et al. 2008; Milone et al. 2009; Goudfrooij et al. 2011; Keller et al. 2011) , suggesting that a star cluster can host (at least) two stellar populations with different ages (∆t < 1 Gyr) and chemical compositions.
The current view on the matter suggests that, generally, the second generation (SG) of stars differs from the first generation (FG) mainly in the He abundance, and this difference can be as high as ∆Y 0.1 (e.g. D 'Antona & Caloi 2004; Piotto 2008) . Two main models have been proposed to explain the presence of multiple stellar generations in star clusters and their chemical abundances: the so-called super-asymptotic giant branch (S-AGB) and AGB stars scenario (Ventura et al. 2001) , and the fastrotating massive stars scenario (FRMS, Decressin et al. 2007 ). According to the first scenario, during the AGB evolution stars with mass M ∼ > 4 M experience the so-called hot bottom burning (HBB) at the bottom of their convective envelope (Blöcker 1991) . The H-rich matter is processed through the hot CNO cycle, where the Ne-Na and Mg-Al chains are active. The processed material is ejected into the intracluster medium and retained in the potential well of the cluster, due to the small velocities of the AGB stellar winds. The enriched matter mixes with the pristine gas and forms the second-generation stars (D'Ercole et al. 2008) . The evolutionary timescales of this model range from δt ≈ 40 Myr to δt ≈ 100 Myr. The former timescale is driven by the evolution time of the most massive S-AGB stars (M ∼ 8 M 1 ), while the latter is related to the lifetime of stars with M ∼ 4 M , which also corresponds to the minimum time needed for Type Ia supernovae (SNe) to occur. These events add positive energy to the system, stopping the star formation process.
The FRMS scenario suggests that during the main sequence (MS), massive stars (M = 20 − 60 M ) can eject CNO-processed material at low velocity, transported from the inner regions to the surface by rotationally induced mixing: the required rotation rates are close to the break-up velocity. If an accretion disk is formed, the gas ejection velocity is extremely low, thus the processed material can be retained in the potential well of the cluster and can be mixed with the pristine gas, forming the secondgeneration stars. In this case, the evolution time ranges from 5 Myr to ∼ 20 Myr and ends before Type II SNe explosions occur.
These two models are not yet fully accepted, since they lack a self-consistent explanation of the picture, and weaknesses are still affecting the two proposed scenarios. For example, uncertainties affect the number ratio between the first-and secondgeneration stars. Recently, Bastian et al. (2013b) proposed a new picture where low-mass pre-main sequence stars accrete enriched material released from interacting massive binary and rapidly rotating stars onto their circumstellar disks, and ultimately onto the young stars.
In this context, a relevant contribution comes from the analysis of young stellar systems (e.g. t < 1 Gyr) where possible second-generation stars are newly formed. Searches of multiple stellar populations have been mainly conducted in old GCs of the Galaxy. In old systems, multiple populations are typically identified from the photometry of main sequence, red giant branch (RGB) and horizontal branch (HB) stars (e.g. D' Antona & Caloi 2004; Bedin et al. 2004 ). However, high-resolution photometric data are required to distinguish multiple turn-off (TO) and to evaluate the age difference between the first-and secondgeneration stars if younger than about 1 Gyr. In contrast, in young-and intermediate-age GCs even a small age difference can produce multiple TO or other easily detected photometric signatures. Multipopulations have been discovered by fitting the location of the MS in the observed CMD (Milone et al. 2008) . Moreover, since the clump of He-burning stars is more luminous than the MSTO, it potentially represents a more effective way to recognize the presence of multipopulations in young massive clusters. For these reasons, YIMCs are systems that can be very powerful to help in understanding the formation processes of the second-generation stars and, more importantly, they provide a key opportunity to distinguish between the nature of the polluters responsible for the new chemical abundances of secondgeneration stars, thus giving solid constraints in favor or against the proposed scenarios. On the base of visual inspection of spectra and CMDs of 130 YIMCs, Bastian et al. (2013a) suggested that models with continuous star formation are ruled out, while models requiring the nearly instantaneous formation of a secondary population are not formally discounted. In their analysis the disk accretion model (Bastian et al. 2013b ) seems to be preferred.
In this paper, we tackle this open question by studying the expected photometric properties of resolved stars in young-and intermediate-age stellar clusters under the hypothesis of singleburst and multipopulation scenarios. Our goal is to investigate the features of core He-burning stars in the CMD and the obser- vational properties of the Cepheids expected in two simple cases: i) single-burst stellar populations where all stars have the same age and a chemical composition typical of the Large Magellanic Cloud (LMC), i.e. Y=0.25 and Z=0.008; ii) stellar systems where first-generation stars (Y=0.25, Z=0.008 and age t = t FG ) are mixed with a second generation of stars born after a time δt = t FG − t S G (ranging from 20 Myr up to 100 Myr) that have a different He abundance (Y=0.35). The age of first-generation stars ranges from a few Myr up to ∼ 1 Gyr. The idea is to explore and point out differences in the photometric properties of stars expected in the two cases, by taking advantage of stellar population synthesis methods. For this purpose, we derived synthetic CMDs in the classical Johnson-Cousins photometric bands (UBVRIJHK).
Since the Cepheid variables are an important stellar component of young clusters, we predict their properties using population synthesis models coupled with high precision pulsation models. We evaluate the impact of multipopulations on the pulsation properties such as the period distribution and the Wesenheit index. We aim to point out possible bias in the estimate of astronomical distances based on Cepheid relationships.
The paper is arranged as follow: Section 2 describes the new stellar evolution models, the new stellar pulsation models and briefly introduces of the adopted stellar population synthesis code. The results of the synthetic CMDs are discussed in Sect. 3, while the prediction on the properties for the Cepheids and the impact on the Wesenheit relations are shown in Sect. 4. A brief discussion closes the paper. the beginning of the MS, up to carbon ignition (Ventura et al. 2008) . The ignition of the reaction 16 O + 16 O and the following pre-supernova phases are not accounted for. In the following we briefly recall the main features of the code.
ATON describes spherically symmetric structures in hydrostatic equilibrium. The internal structure is integrated via the Newton-Raphson relaxation method from the center to the base of the optical atmosphere (τ=2/3). The independent variable is the mass, while the dependent ones are temperature, pressure, radius, and luminosity. The zoning is reassessed after each physical time step, with particular care to the central and surface regions in the vicinities of convective boundaries and H or Heburning shells and close to the superadiabacity zones.
Once the physical structure of the model is determined via the relaxation method, a time step is applied to achieve the chemical evolution. To this end, each physical time step is divided in to ten chemical time steps. Mechanisms leading to a variation of the chemical composition, such as nuclear burning, gravitational settling, and convective mixing, are properly taken into account. All the evolution models presented here were calculated by adopting the full spectrum of turbulence (FST) treatment with the appropriate convective flux distribution (Canuto & Mazzitelli 1991) . Mixing of the chemicals within convective zones is treated as a diffusive process: for an individual element X i the code solves the equation by Cloutman & J.G. (1976) :
where
, ρ is the density, and τ is the turbulent diffusion timescale. The mass fraction of the element is defined as X i = X i /ρN A , where N A is the Avogadro's number. A network of 64 reactions is adopted. The cross sections are taken from the NACRE compilation (Angulo et al. 1999) , with the following exceptions: Kunz et al. 2002) .
Regions unstable to convection are identified via the Schwartzschild criterion. We took into account convective overshooting for the core convective regions and for the surrounding convective shell, assuming that the turbulent velocity exponentially vanishes outside the formally convective regions. This is simulated by introducing the parameter ξ, which defines the scale length over which the velocity decays into the region that is radiatively stable. In this study we set ξ=0.02, in agreement with the calibration given in Ventura et al. (1998) . No overshooting was used for the evolutionary phases following the core He-burning phase. We note that reasonable modifications in the overshooting parameter possibly affect the calibration of the absolute ages of star clusters without a major impact on the following investigation.
Mass loss [ M /yr] is modeled according to Blöcker (1995) :
where M, L, and R are denoted in solar units, η R is a free parameter. We used η R = 0.02. This value was calibrated specifically for the range of masses and for the metallicity used here via a comparison between the observed and the predicted luminosity function of lithium-rich sources and of carbon stars in the LMC (Ventura et al. 1999 (Ventura et al. , 2000 . However, variations in this massloss rate within the commonly accepted values are not expected to modify our main results. We computed evolutionary tracks for stars with mass from M = 0.4 M to 12 M , with an initial chemistry typical of the LMC (Z=0.008) and α-enhanced [α/Fe]=0.2, with the reference solar mixture taken from Grevesse & Sauval (1998) . The evolution of stars with both Y=0.25 and Y=0.35 from the pre-MS to the beginning of the thermal pulses was calculated (see Fig. 1 ).
Stellar pulsation models
For the same chemical compositions as were adopted in the evolutionary models, we computed a set of nonlinear convective pulsation models, using the physical and numerical assumptions discussed in Bono et al. (1999b) , Valle et al. (2009) and Marconi et al. (2010) for stellar masses ranging from 3 to 12 M . For each stellar mass a mass-luminosity relation (Bono et al. 2000a ) was adopted 2 , an extensive range in effective temperature was explored and the modal stability was investigated both for the fundamental (FU) and the first-overtone (FO) instability-strip. As a result, for each selected chemical composition, we determined the instability-strip boundaries for both pulsation modes, as summarized in Table 1 . The first four columns of the table report the adopted chemical composition, mass, and luminosity. In the subsequent columns the effective temperature of the predicted firstovertone blue edge (FOBE), fundamental blue edge (FBE), firstovertone red edge (FORE), and fundamental red edge (FRE) can be found.
A comparison between the theoretical instability-strip for Y=0.25 and Y=0.35 is shown in Fig. 2 . As expected on the basis of previous results (Fiorentino et al. 2002; Marconi et al. 2005) , the instability-strip of fundamental pulsators becomes hotter as the helium abundance increases. Here, we also find that the effect is even more evident for first-overtone pulsators.
To provide a link between the pulsation period and the intrinsic evolutionary model properties, namely the mass, luminosity, and effective temperature, the pulsation relations were derived from regression through all the pulsating nonlinear models for each chemical composition and for both pulsation modes. The coefficients of these relations are reported in Table 2 .
The adopted nonlinear pulsation models also allow us to predict the variations of all the relevant quantities along a pulsation cycle. A subset of the obtained light curves in the absolute V magnitude is shown in Fig. 3 for models with M=7 M , Z=0.008, and Y=0.35.
The selected stellar mass corresponds to a period range (6 days < P < 16 days) where a secondary maximum (bump) appears both in the light curve and in the radial velocity curve. The relationship between the phase of this bump and the pulsation period is known as the Hertzsprung progression (HP) (Hertzsprung 1926) , and this group of variables has been named bump Cepheids. In previous papers based on the same type of pulsation models, it has been shown that an increase in the metal content causes a shift of the HP center toward shorter periods. The behavior shown in Fig. 3 indicates that the helium abundance has an opposite effect: the HP center moves to longer periods because the helium content increases at fixed metallicity. Indeed, at fixed stellar mass (7 M ) the center of the HP occurs Table 1 . Physical parameters and location of the fundamental and first-overtone instability-strip boundaries for the adopted pulsation model sets. Table 2 . Coefficients of the adopted pulsation relations: at a period of about 13.5 days, significantly longer than the value obtained at Y=0.25, namely 11.2 d (Bono et al. 2000b, see) . Empirical data for the LMC suggest that the HP center corresponds to a period of about 11 days (see e.g. Welch et al. 1997; Beaulieu 1998) , which agrees better with the theoretical value for Y=0.25. However, observations of the Hertzsprung progression in extragalactic Cepheid samples at the same metallicity (Z 0.008) and a similar period range could, in principle, allow us to distinguish the helium content on the basis of the above considerations. This is particularly true in the NIR bands, since Storm et al. (2011) found a weak dependence on the metallicity in the optical bands.
Stellar population synthesis
Synthetic CMDs and observational properties of the Cepheids were derived using the most recent version of the stellar population synthesis code SPoT 3 (Raimondo et al. 2005; Raimondo 2009 ). The code was used to fit in detail the observed CMDs of GGCs and MC clusters for a wide range of ages and metallicities (Brocato et al. 2000; Raimondo et al. 2002; Raimondo 2009; Bellini et al. 2010) . It was used to reproduce the fast and luminous evolutionary phases and, in particular, the red clump of LMC star clusters with a high level of accuracy (e.g. Brocato et al. 2003) . For the specific purpose of this study, we computed synthetic magnitudes and colors (in the UBVRIJHK bandpasses) by adopting the BaSeL 3.1 (Westera et al. 2002; Patricelli 2006) stellar atmospheres library. To this aim, the code was implemented to include the evolutionary tracks calculated with the ATON code (Sect.2.1) and a specific routine was added to the SPoT code with the aim of computing the number of predicted Cepheids and, for each variable, the pulsation mode and the period on the basis of the pulsation models described in Sect. 2.2.
We adopted a Salpeter initial-mass function (IMF, α= 2.35) ranging from 0.4 M up to 100 M . The total number of stars in each CMD was chosen to properly populate the red clump of core He-burning stars. A Monte Carlo method -weighted according to evolutionary timescale and IMF -was used to reproduce the stochastic behavior expected in observed CMDs. Photometric uncertainties were simulated by a specific algorithm that takes into account the typical increasing spread expected for photometric CCD measurements of faint stars. We computed synthetic CMDs and Cepheid properties for two chemical compositions (Z=0.008, Y=0.25) and (Z=0.008, Y=0.35) in the age range from 20 Myr up to 1 Gyr. We decided to fix the number of He-burning stars to be on the order of ∼ 100 in each model (if not explicitly stated otherwise), so that a well populated core He-burning phase (i.e. the red/blue clump) was derived.
In Fig. 4 we show the synthetic [V, B-V] CMD from the MS to the end of the core He-burning for a population of 100 Myr, with Y=0.25 (left panel) and Y=0.35 (right panel). During the blue loop, the stars cross the instability-strip, becoming Cepheid variables (green triangles). At fixed age, the TO point of the He-enriched population is fainter than the first-generation stars TO point, since stars with a higher He abundance evolve more rapidly, while the blue loop is less extended in color (0.67 vs. 0.8 mag) and spread more in the absolute V magnitude.
Color-magnitude diagram
In this section, we focus on pinpointing some indicators for multipopulations in young-and intermediate-age stellar systems by using the properties of He-burning stars. It is worth mentioning that these stars are very luminous objects, hence they could represent a powerful way to recognize multigenerations of stars in young clusters provided that they are massive enough to possess a significant number of core He-burning stars. It is well known that the chemical composition of a star plays a fundamental role in its evolution. It sets the rate of energy generation and determines the wavelength distribution of the emerging flux. Stars with a high helium abundance (e.g. Y=0.35), due to the high molecular weight, evolve in a shorter time and are more luminous and hotter than stellar models with a lower helium abundance (e.g. Y=0.25) at fixed mass. For this reason the MS position and the core He-burning loop of He-rich stellar models are respectively bluer and brighter than those of classic (i.e. standard He) models with the same mass (see Fig. 1 ). In the following we concentrate on the expected properties of stars experiencing the core He-burning phase, since the evolutionary times are long enough to generate a relatively well populated 'observational' feature in young-and intermediate-age massive stellar systems.
Figures 5 and 6 show a sample of synthetic CMDs (in the V, I, and K bands) for different assumptions on the age of the firstand second-generation stars after fixing their age difference: δt = t FG − t S G = 20 Myr and 100 Myr, respectively. The ages increase from the top to the bottom of each figure. The helium content is Y=0.25 for the first-generation stars (red circles), while Y=0.35 (blue squares) is assumed for the second-generation stars. The green triangles indicate the Cepheid variables, which we analyze in the next section.
We recall that He-burning stars with mass ranging from 5 M up to 10 M experience an extended loop in effective temperature, but they spend a large part of the time needed to exhaust the helium in their convective core at the extreme (cool and hot) edges of the loop. Consequently, we expect to find two clumps at red and blue colors. For the sake of clarify, we define as red a clump located at (B − V) ≥ 0.4 mag and blue a clump at (B − V) < 0.4 mag. We decided to search for photometric indicators for multiple populations using the red and blue clump properties. To this end, we defined the mean magnitude < X He−b >, its dispersion σ X He−b , and the magnitude spread ∆X He−b of the red/blue clump as follows:
where X i He−b is the magnitude of the i-th core He-burning star, measured in the given X-band. The sum is extended to all the core He-burning stars (N He−b ). When the blue and red clumps are present in the CMD, the sum was computed separately for the stars of each subset. X max He−b and X min He−b are, respectively, the Xband magnitude of the brightest and the faintest edge of the Heburning star clump. In Tables 3 and 4 we report these quantities for the computed stellar populations.
In young systems (t FG ∼ < 150 Myr) we can distinguish the two populations both at the MS and at the location of stars burning helium in the core. For δt = 20 Myr (Fig. 5) , the loops produced by the first-(red circles) and the second-generation (blue squares) stars are clearly separated (in magnitude). Therefore, a double stellar population would be easily discovered from the morphology of the red/blue clump. The magnitude spread (∆X He−b ) ranges from 0.6 to 1.8 in the V band, and from 0.5 to 2.6 in the K band (Table 3 ). The color extension of the core Heburning loops does not show sizable differences between the single and double populations because the masses experiencing this evolutionary phase are similar. When we stretch δt to 100 Myr (Fig. 6) , the magnitude spread increases to a value higher than 2 mag (Table 4) . Furthermore, the differences in the morphology of the red/blue loop become even wider than for δt = 20 Myr.
When t FG is ∼ > 300 Myr, we are unable to distinguish the two subpopulations by simply observing the morphology of the red/blue loop in both cases (δt = 20 Myr and δt = 100 Myr). At these ages and for the chemical composition assumed, the blue clump disappears, since the evolution models predict a loop less extended in effective temperature for the typical mass experiencing the core He-burning phase (M ∼ < 4M , see Fig. 1 ). However, when the two populations are mixed the magnitude distribution of stars in the red clump is larger than that produced when the two populations are considered separately. In fact, even if the R. Carini et al.: Multipopulation aftereffects in young stellar systems core He-burning stars of the two subpopulations appear quite superimposed in the CMD, a close look shows that the magnitude spread of the clump increases a few tenths of magnitude when populations are mixed, as tabulated in Tables 3 and 4 . As a general result, we therefore find that the quantity ∆X He−b is an alternative tool to identify multiple stellar populations in YIMCs. This effect is stronger in the K band than in the bluer bands. Accurate photometric observations of populous stellar systems are needed to enable one to measure the magnitude spread with adequate precision (e.g. ∼ < 0.05 mag) in the V band.
To illustrate this result, in Fig. 7 we plot the time evolution of the clump magnitude spread in the V and K bands. In the figure we omit the I band because its trend is similar to that in the V band. Left panels of the figure refer to δt = 20 Myr, while right panels show δt = 100 Myr. The red filled circles and the blue squares describe the magnitude spread of the core Heburning stars (red clump) for a single population with Y=0.25 and Y=0.35, respectively. The green triangles represent the amplitude of the quoted spread when the two populations coexist.
From the figure, it is clear that the quantity ∆X He−b is an alternative tool to single out multiple stellar populations in YIMCs. The magnitude spread changes sizably from single-age to multiple-age (double) populations in the whole range of ages considered here. In particular, when δt = 100 Myr (right panels of Fig. 7) , ∆X He−b clearly is a reliable indicator of the possible presence of mixed populations, at least under the hypotheses explored in the present work. For young clusters, for example, for t FG =130 Myr, ∆X He−b of the multiple population is expected to be about four times higher than the value for the single-age population in the V and K bands. Increasing the age, this difference decreases, because the mass of stars evolving in the core He-burning phase becomes similar in the two subpopulations. It is interesting to note that this feature is effective in distinguishing multipopulations in different photometric bands. This quantity is less effective when the age difference shrinks to δt = 20 Myr. The synthetic CMDs show that the clump of Heburning stars in young clusters (t ∼ < 150 Myr) is still a powerful way to evaluate whether there are multiple stellar populations. For older ages, the effectiveness of the V band decreases while the K band remains nearly as effective also at ages older than 300 Myr.
On these bases, we suggest that the magnitude spread ∆X He−b is a useful quantity to identify whether there are mixed populations in relatively young-and intermediate-age massive stellar systems. We recall we assumed age differences between the first-and the second-generation stars according to the current scenarios proposed to explain multipopulations in star clusters.
We note that before one can compare this magnitude spread with observations, some refinements are needed. We suggest that X max He−b and X min He−b should be obtained from the accurate luminosity function of the red/blue clump stars. The faint edge of the red clump can be identified as a sudden rise in stellar counts due to the very few stars expected at lower luminosities. On the other hand, RGB and AGB stars could in principle hamper the A&A proofs: manuscript no. carini definition of the bright edge. Nevertheless, the evolutionary time differences between the RGB/AGB and the He-burning phases enable one to predict a sizeable drop (X max He−b ) in the luminosity function. For instance, for a 5 M star the time ratios are τ He−b /τ RGB ∼ 15 and τ He−b /τ AGB ∼ 100. This allows one to separate the red clump stars from the RGB/AGB stars. The blue clump spread can also be easily distinguished in the luminosity distributions. If we analyze the luminosity distribution of the stars with B-V < 0.4 mag, we can see in the histogram a primary and a secondary maximum. The former represents MS stars, the latter, at higher luminosities, corresponds to the blue loop stars. This secondary feature allows us to obtain the limits of the magnitude spread.
We briefly discuss the possibility that a large part of the FG stars are lost in the very early stage of the cluster life. This clearly affects our statement of having ∼ 100 He-burning stars in both the populations. In this case, the magnitude spread remains a good indicator of multiple populations if the number of the FG He-burning stars is on the order of a few tens at least. In fact, just a handful of these stars is needed to define the lower edge of ∆X He−b . Furthermore, this faint side has the advantage of not being affected by the uncertainties due to the presence of RGB and AGB stars.
Before concluding our analysis, we note that binary systems are not expected to affect our main conclusions. Although observations indicate that the majority of stars are found in binary systems (Rastegaev 2010) , close encounters involving binary systems may disrupt soft (i.e. generally wide) binaries in dense clusters (Heggie 1975) . Thus, the actual binary fraction in YIMCs is uncertain (Portegies Zwart et al. 2010; Vanbeveren et al. 2012) . Binary stars could, in principle, resemble an increase of the clump magnitude spread. However, their contribution to ∆X He−b would be at most as large as ∼ 0.75 mag, but only if the mass difference between the two components is smaller than ∼ 0.2 M . If so, they can experience the core Heburning phase simultaneously. If the mass difference is larger than this value, the binary system is most likely composed of a MS star plus a red-clump star. This type of binaries does not change ∆X He−b . Thus, the effect of binaries on the amplitude of the red clump will be confined to a handful of stars located at bright magnitudes (e.g. δV ≤ 0.75 mag).
Stellar pulsation
Using the pulsation period relations as a function of the intrinsic stellar parameters given in Table 1 , we computed the period corresponding to each 'star' of the synthetic CMDs falling within the predicted Cepheid instability strip for the two assumed chemical compositions. Synthetic stars falling between the first-overtone blue edge and the fundamental blue edge were assumed to pulsate in the first-overtone mode, and the relative pulsation relation was adopted. When a synthetic star is within the 'OR region' 4 , we assumed that the pulsation mode is fundamental if the star, in its evolutionary path, crosses the CMD from the red to the blue side. In contrast, the first-overtone pulsation was assigned to synthetic stars evolving from the blue side. Finally, the fundamental-mode is assumed for synthetic stars located between the first-overtone red edge and the fundamental red edge.
When a mixed population -with the first generation of Y=0.25 and t=40 Myr and the second one of Y=0.35 and t= 20 Myr-is considered, the resulting period distribution (left panel of Fig. 8) shows that the maximum number of pulsators have a period of about 30 days and the majority of Cepheids belongs to the second generation and have a period in the range ∼30 ÷ ∼ 45 days. On the other hand, if we consider the same age gap, but with the first generation at 120 Myr and the second one at 100 Myr, a mixed Cepheid population is expected (see the right panel of the same figure) for periods shorter than about 5 days, whereas a predominance of the second generation is found between 5 and 10 days.
If the second generation is young, as in Fig. 8 , but the first one is older by 100 Myr, we expect the behavior shown in Fig.  9 . We note that by increasing the age gap, the covered period range becomes wider. In particular, if the Y=0.25 population has an age of 120 Myr and the Y=0.35 population has 20 Myr, we expect two distinct period distributions peaked at ∼ 5 and ∼ 30 days (left panel of Fig. 9 ), respectively, with no pulsator in the period range 8 ÷ 20 days. If the Y=0.25 population has an age of 200 Myr and the Y=0.35 population has 100 Myr, we predict a more continuous distribution with an excess of first-generation Cepheids at the shortest periods and a predominance of secondgeneration pulsators for periods longer than 3 days.
The present exploratory work suggests that an another tool for distinguishing multipopulations (with wide differences in their original helium content) in young massive stellar systems is embedded in the period distribution of their Cepheids. In fact, our simulations show that the observed period distributions of Cepheids that belong to two different populations (with age and helium abundances assumed in this paper) tend to considerably increase the range of the measured periods. Thus, a careful analysis of the period distribution of Cepheids in massive stellar systems may give an indication whether there are multiple populations present. In this way, the detection of Cepheids with a period longer than expected is another tool for distinguishing multipopulations. Table 3 . Spread of the (red and blue) clumps in the V, I and K bands for populations with Y=0.25 (FG), Y=0.35 (SG), and the mixed population (multiple). The age difference between the first-and second-generation stars is 20 Myr. A&A proofs: manuscript no. carini Table 4 . Spread of the (red and blue) clumps in the V, I and K bands for populations with Y=0.25 (FG), Y=0.35 (SG) , and the mixed population (multiple). The age difference between the first-and second-generation stars is 100 Myr. Fig. 8 , but the age difference between the two subpopulations is 100 Myr. The age of the first-generation stars is t FG = 120 Myr (left panel, adopted bin : 0.1) and t FG =200 Myr (right panel, adopted bin: 0.05).
Application to the distance scale: the synthetic Wesenheit relations
It is well known that the period-luminosity (PL) relation of classical Cepheids in the optical bands is affected by systematic uncertainties related to the intrinsic dispersion because of the finite width of the instability-strip, nonlinearity at the longest periods, reddening, and chemical composition (Bono et al. 1999a; Caputo et al. 2000b ). To remove the reddening effect and reduce both the influence of the instability-strip topology and the metallicity contribution, the Wesenheit relations (Madore 1982) are often adopted in the literature. Indeed, when two bands are available, for example, B and V, one can define W BV = V −R V (B−V), where R V is the visual extinction-to-reddening ratio A V /E(B − V). The resulting period-Wesenheit (PW) relation is independent of reddening. Similar PW relations can be defined by using an extinction law, for instance the one by Cardelli et al. (1989) . As the effect of the extinction is similar to that produced by the finite width of the instability-strip, the scatter around the PW relations is smaller than in any observed PL relation Marconi et al. 2005; Bono et al. 2010, see e.g.) . In particular, the PW relation defined using the V and I bands is also almost independent of metallicity, and hence represents an ideal tool for estimating the distance of extragalactic Cepheids (Bono et al. 2010) . In this context, we recall that Storm et al. (2011) found a metallicity effect on the coefficients of the PW relations in the optical bands. We can evaluate the synthetic PW relations by simulating stellar populations with different original helium content. For these computations we assumed for each given age a total cluster mass of about 5 × 10 5 M . The ages were chosen to populate the Cepheid period range (0.4 ∼ < LogP ∼ < 2) typically adopted in the empirical evaluation of the Wesenheit relation (Udalski et al. 1999; Bono et al. 2010) . The coefficients of the resulting relations for fundamental-mode pulsators are reported in Table 5 for each adopted chemical composition. First of all, we note that our WVI relation for the case with Y=0.25 R. Carini et al.: Multipopulation aftereffects in young stellar systems agrees very well with the one obtained from observations of LMC Cepheids (Udalski et al. 1999 
Conclusions
We explored the possibility of detecting multiple populations in star clusters by observing bright, intermediate-age massive stars that experience the core He-burning phase. These stars typically gather together, forming a red/blue clump in the CMD of very populous stellar systems with ages from few Myr up to ∼ 1 Gyr. Our work was motivated by the simple consideration that because GGCs show multiple populations, signs of multiple generations of stars can probably also be found in young stellar systems, under the assumption that the formation process of star clusters is universal. This view seems supported by recent observations, because in a few MC clusters some broadening of the main sequence has been detected (e.g. Milone et al. 2008 Milone et al. , 2013 . As a starting step, we focused on stellar populations with different original helium content, as suggested in recent works on GGCs (e.g. D 'Antona & Caloi 2004; Piotto 2008; Monelli et al. 2013) and by theoretical scenarios (Ventura et al. 2001; Decressin et al. 2007) proposed to explain the origin of multiple populations.
To this aim, an updated set of stellar evolutionary tracks were computed with masses from 0.4 M up to 12 M . In particular, we computed models to reproduce the synthetic CMDs of stellar populations with a fixed metallicity similar to stars observed in the LMC (i.e. Z = 0.008) and two different original helium contents (Y=0.25 and Y=0.35).
With the same physical inputs, a new set of He-enriched stellar pulsation models was calculated as well. All these ingredients were included in the stellar population synthesis code SPoT to produce synthetic CMDs for single-helium and mixed-helium abundance populations. We investigated the hypothesis that two stellar populations differ in age as δt = 20 and 100 Myr, the younger population with an helium abundance of Y=0.35, while the older population has Y=0.25. The new pulsation models allowed us to derive the borders of the instability-strip and to obtain quantitative information on the pulsation features of variables belonging to single-age and multiple-age populations.
One of the novelties of this work is that we tackled the problem by using a homogeneous approach in handling stellar evolutionary tracks and stellar pulsation models. Both sets of models were used and were linked in the stellar population synthesis code to guarantee full consistency.
Under the hypotheses presented above, the main results of the paper may be summarized as follows:
-We suggest that the magnitude spread ∆X He−b (X is one of the VIK photometric bands) of the red clump is a valuable tool to single out multiple stellar populations in massive clusters with age within the quoted range. This amplitude assumes different values if we observe a single-age stellar population or more than one. Discovering multiple populations in young systems is very important to determine the appropriate scenario to explain the formation of multiple populations in GCs. -For double populations, the ∆X He−b values are expected to be systematically higher than for of a single population. -The Cepheid period distribution in double populations is broader than that expected for a single stellar population. -The synthetic period-luminosity and Wesenheit relations obtained in this work furthermore support the possibility of some bias effects in deriving distances because of the potential presence of double stellar populations (with a large difference in their helium contents) in the sample of Cepheids used to measure their distances. -Owing to the age interval considered, massive stars are evolving out of the main sequence, thus they are luminous and easy to detect at large distances. The drawback is that one needs to observe rich star assemblies to obtain a significant number of stars in this bright but fast evolutionary phase. According to our simulations, the mass of such star assemblies should not be lower than 5 × 10 5 M .
It is worthwhile to clarify that the work intends to focus on observational features produced by differences in the original helium content and does not intend to exclude the possibility that other quantities (e.g. metallicity) may mimic analogue observable effects. Nevertheless, we show that modifications of the observable ∆X He−b and the Cepheid period distributions, is expected if a massive stellar system is composed of two populations with a large difference in their He abundance.
We establish that double stellar populations could be identified in very populous YIMCs by using our indicators, providing that the spatial resolution and the distance of the targets allow accurate photometric measurements of individual stars. This is expected to be possible thanks to the new generation of observational facilities (i.e. E-ELT, JWST), since they will push the resolution of young stars up to the Fornax cluster of galaxies and beyond. Finally, we confirm that the extragalactic distance scale may be affected by bias due to unexpected presence of Cepheids whose original He content is very different from the one assumed in the generally adopted PW relationships (e.g Fiorentino et al. 2002; Marconi et al. 2005) .
